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ABSTRACT 

Several of the highland sites have been deleted from 
consideration as potential Apollo landing sites and several 
others require additional photography before landings can be 
committed. 
highland site covered by sufficient photography might need to 
be evaluated for a highland landing mission led to reconsidera- 
tion of a site near the crater Lade. 

Realization of the possibility that a lower priority 

The Lade area is located approximately 1's and 14OE 4 

and is covered by Lunar Orbiter I11 medium and high resolution 
photography. The area lies in a highland terrain and is charac- ' 

terized by the presence of broad lineations radial to the 
Imbrium basin. Since extensive outcrop and discrete geologic 
boundaries are lacking at this site, a sampling of "typical" 
terra is probably the most logical scientific objective for a 
possible mission to this site. Exclusion of several other 
highland sites from consideration for landing missions and more 
detailed study of the Lade geology are two factors which might 
raise the priority of a landing mission to Lade. 
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I n t r o d u c t i o n  

S ince  s o m e  of t h e  highland s i tes  have been d e l e t e d  
from c o n s i d e r a t i o n  as p o t e n t i a l  Apollo landing  s i tes  (Tycho, 
Censorinus) and s e v e r a l  o t h e r s  r e q u i r e  a d d i t i o n a l  photography 
be fo re  landings  can be committed (Descartes, Davy), it i s  
p o s s i b l e  t h a t  a h ighland  l and ing  w i l l  have t o  be made a t  an 
a l t e r n a t e  s c i e n t i f i c  s i t e  which i s  covered i n  s u f f i c i e n t  d e t a i l  
by e x i s t i n g  photography. Cons idera t ion  of  t h i s  p o s s i b i l i t y  
r e s u l t e d  i n  t h e  r e c o n s i d e r a t i o n  of a s i t e  nea r  t h e  crater Lade. 
The purpose o f  t h i s  memorandum i s  t o  o u t l i n e  t h e  geo log ica l  
c h a r a c t e r i s t i c s  o f  t h i s  s i te .  These should form t h e  b a s i s  f o r  
any f u t u r e  d i s c u s s i o n  of Lade. 

Locat ion and C h a r a c t e r i s t i c s  

The Lade area i s  l o c a t e d  approximately 1’s and 14OE, 
about  500 km northwest  of Theophilus,  350 km n o r t h e a s t  of 
Hipparchus and approximately 320 km nor th  of t h e  crater Descartes. 
This  area l ies  i n  t h e  r eg ion  of t h e  moon about 85 km east of Lade 
and i n  t h e  v i c i n i t y  of Theon J u n i o r  B (F igure  1). 

This  r eg ion  w a s  photographed by Lunar O r b i t e r  I11 and 
was des igna ted  as S i t e  I I I -S-10 .  The l o c a t i o n  of t h e  photographic  
coverage i s  shown i n  F igures  2 and 3. These photographs show t h a t  
t h e  area has l i t t l e  i n d i c a t i o n  of sub - rego l i th  s t r u c t u r a l  de t a i l s  
o r  bedrock and few d i s t i n c t  geologic  boundaries.  A broad north-  
west- t rending arrangement of t h e  major topographic  f e a t u r e s  
p a r a l l e l s  o t h e r  elements which are r a d i a l  t o  t h e  Imbrium bas in .  

Geology - 

The geology of t h i s  r eg ion  has been mapped a t  a scale 
of 1: 1 ,000 ,000  . Three geologic u n i t s  have been recognized a t  
t h i s  scale. The rugged te r ra  u n i t  is  c h a r a c t e r i z e d  by rugged 
terra topography l ack ing  dominant r e g u l a r  p a t t e r n s .  The t e r r a i n  
i s  t y p i c a l l y  s t e e p  s loped  with h i l l s  and v a l l e y s  a few k i lome te r s  
i n  width.  Mil ton (’) has i n t e r p r e t e d  t h i s  u n i t  as c o n s i s t i n g  of a 
vo lcan ic  mantle  of vary ing  th i ckness  probably conceal ing mater ia l  
e j e c t e d  f r o m  t h e  Imbrium bas in ,  b u t  s t i l l  r e f l e c t i n g  t h e  s u b j a c e n t  
s t r u c t u r e  i n  topographic  form. A second u n i t  mapped i n  t h i s  area 
is  c h a r a c t e r i z e d  by northwest-southeast  t r e n d i n g  r o l l i n g  p l a i n s  and 
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shal low depres s ions .  These f e a t u r e s  are t y p i c a l  of t h e  
"Imbrium s c u l p t u r e "  r a d i a l l y  and s u b r a d i a l l y  surrounding t h e  
Imbrium bas in .  They may o w e  t h e i r  o r i g i n  t o  f a u l t i n g ,  
f r a c t u r i n g ,  o r  d e p o s i t i o n  co inc iden t  wi th  t h e  o r i g i n  of  t h e  
Imbrium b a s i n  o r  they  may r e p r e s e n t  areas r e a c t i v a t e d  dur ing  
subsequent volcanism. The t h i r d  u n i t  i s  a f a c i e s  of  t h e  
Cayley Formation and i s  c h a r a c t e r i z e d  by low h i l l s ,  craters,  
and i r r e g u l a r  dep res s ions  marginal  t o  in t e rmed ia t e  a lbedo 
m a t e r i a l s  of t h e  l e v e l  p l a i n s ,  which are more c h a r a c t e r i s t i c  
of t h e  Cayley Formation. This  f a c i e s  of t h e  Cayley may 
r e p r e s e n t  areas where a cover of presumed vo lcan ic  o r i g i n  i s  
t h i n n e r  o r  where c o n s t r u c t i o n a l  v o l c a n i c  f e a t u r e s  are p r e s e n t .  

The u n i t s  mapped i n  t h i s  area a r e  t y p i c a l  of areas 
i n  t h e  h ighlands  surrounding t h e  Imbrium bas in .  They probably 
r e f l e c t  a h i s t o r y  dominated by t h e  o r i g i n  of t h e  Imbrium b a s i n  
and depos i t i on  of t h e  F r a  Mauro Formation i n  t h e  form of a 
g i g a n t i c  e j e c t a  b l anke t .  A combination of d e p o s i t i o n  and 
f r a c t u r i n g  a t  t h e  t i m e  of t h i s  even t  produced t h e  c h a r a c t e r i s t i c  
l i n e a r  s t r u c t u r e s  a s s o c i a t e d  wi th  t h e  bas in .  Subsequent volcanism 
perhaps r e l a t e d  t o  t h e  Imbrium even t  b u t  c e r t a i n l y  fo l lowing  
c l o s e l y  behind it appears  t o  have depos i t ed  m a t e r i a l  i n  low- 
l y i n g  a r e a s  (Cayley Formation) and may a l so  have t h i n l y  blanketed 
p o s i t i v e  f e a t u r e s .  Volcanic a c t i v i t y  i n  t h i s  a r e a  appears  t o  
have been confined t o  t h e  Imbrian Per iod  ( i . e . ,  pos t -da t ing  
t h e  o r i g i n  of t h e  Imbrium bas in )  b u t  a l s o  appears  t o  have oc- 
cu r red  p r i o r  t o  t h e  depos i t i on  of t h e  ma jo r i ty  of s u r f a c e  mare 
material .  Subsequent c r a t e r i n g  and r e g o l i t h  formation g e n e r a l l y  
obscures  d e t a i l e d  r e l a t i o n s  between geo log ic  u n i t s .  

The Lade A r e a  (111-S-10) bea r s  some resemblance t o  
s e v e r a l  o t h e r  Apollo sites. Material s i m i l a r  t o  t h e  Imbrian 
ejecta mapped a t  t h e  F ra  Mauro s i t e  may be exposed i n  t h i s  area. 
A l s o ,  some of t h e  Cayley f a c i e s  s een  he re  may be s i m i l a r  t o  
t h o s e  mapped a t  Descartes and Hipparchus. 

S ince  e x t e n s i v e  outcrop  and d i s c r e t e  geo log ic  boundaries  
are l ack ing  a t  t h i s  s i t e ,  a broadly " r e p r e s e n t a t i v e "  sampling of 
t y p i c a l  terra i s  probably t h e  m o s t  l o g i c a l  s c i e n t i f i c  o b j e c t i v e .  
Seve ra l  l a r g e  f r e s h  blocky rimmed craters e x i s t  i n  t h e  high 
r e s o l u t i o n  frames, and a mission t o  t h e  l a r g e  f r e s h  crater i n  t h e  
no r the rn  q u a r t e r  of Lunar O r b i t e r  I11 Frame H - 8 1  (F igure  4 )  
should a t  l eas t  i n d i c a t e  t h e  depth  t o  and n a t u r e  of t h e  bedrock 
material .  Other f e a t u r e s  of i n t e r e s t  i n  t h i s  reg ion  inc lude  
s e v e r a l  well-developed var ie t ies  of p a t t e r n e d  ground . ( 2 )  

Another p o s s i b l e  landing  s i t e  (Figure  5) i s  l o c a t e d  
i n  Cayley type  m a t e r i a l  i n  t h e  no r the rn  p a r t  of L.O. I11 Frame 
H - 8 0 .  This  landing  p o i n t  should be close enough t o  t h e  r i d g e s  
so t h a t  samples of t h i s  material  could be ga thered .  
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The lack of discrete geologic boundaries at this site 
lessens the understanding of the history and significance of 
this area and places it in a low scientific priority in terms 
of a mission assignment for one of the remaining Apollo missions. 
Exclusion of several other highland sites from consideration 
for landing missions and more detailed study of the Lade geology 
are two factors which might raise the priority of a landing 
mission to Lade. 

Analyses 

The Mapping Sciences Branch of MSC has carried out 

Data from these analyses are 
an evaluation of targets at the 111-S-10 site for possible 
lunar exploration missions ( 3 ) .  
summarized in Table 1 and the location of the targets is shown 
in Figure 2. 

2015-JWH-kmj J. W. Head 

Attachments 
References 
Table 1 
Figures 1-5 
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